The binary, ternary, quaternary, and quintary interactions of a five-component mixture of carcinogenic environmental polycyclic aromatic hydrocarbons (PAHs) using response surface (CPP) were obtained. From these data, doses were selected for the quintary mixture study based on toxicity, survival, range of response, and predicted tumor yields. The ratios of doses among PAHs were designed to simulate PAH ratios found in environmental air and combustion samples. Quintary mixtures of B[aIP, B[bIF, DBA, 5MC, and CPP were administered to male strain A/J mice in a 25 factorial 32-dose group dosing scheme (combinations of five PAHs each at either high or low doses) and lung adenomas were scored. Comparison of observed lung adenoma formation with that expected from additivity identified both greater than additive and less than additive interactions that were dose related i.e., greater than additive at lower doses and less than additive at higher doses. To identify specific interactions, a response surface analysis using response addition was applied to the tumor data. This response surface model contained five dose, ten binary, ten ternary, five quaternary, and one quintary parameter. This analysis produced statistically significant values for 16 parameters. The model and model parameters were evaluated by estimating the dose-response relationships for each of the five PAHs. The predicted dose-response curves for all five PAHs indicated a good estimation. The binary interaction functions were dominated for the most part by DBA and were inhibitory. The response surface model predicted, to a significant degree, the observed lung tumorigenic responses of the quintary mixtures. These data suggest that although interactions between PAHs do occur, they are limited in extent. -Environ Health Perspect 1 06(Suppl 6): 1337-1346 (1998). http.//ehpnetl.niehs.nih.gov/docs/1998/Suppl-6/ 1337-1346nesnow/abstract.html
carcinogens exhibit all three of these effects depending on the chemicals, route of administration, sex, species, and target organ. The majority of these interaction studies have been performed using only two administered agents and a database of binary carcinogen interactions has been reported (4, 5) .
Polycyclic aromatic hydrocarbons (PAHs) are a pervasive class of environmental pollutant formed by the incomplete combustion of organic materials. Humans are exposed to PAHs from cigarette smoke, combustion products from gasoline, diesel fuel, coal, and oil, as well as from broiled and smoked foods (6) . Many PAHs are carcinogenic in experimental animals and several PAH-containing mixtures (i.e., coke oven emissions, cigarette smoke, and coal tars) are human carcinogens (7) (8) (9) Methods for analysis of interactions have been reviewed including isobolographic analyses (10) , interaction indexes (11) , and response surface approaches (12) . Response surface approaches have found use in identifying and quantitating chemical and drug interactions (13) (14) (15) (16) . Resp 5MC compared to dose-response curves for each polycyclic aromatic hydrocarbon generated by the response surface model. The curves are from Equation 1 using the dose parameters from Table 3 (i.e., Ao, A, /,P/,3, P4, f5).
The data points represent means ± SD of observed lung adenomas/mouse from Table 1 . To determine some of these potential PAH interactions, a study was constructed using five environmentally relevant PAHs administered as quintary mixtures to strain A/J mice with lung adenoma formation as the toxicologic outcome. The PAHs selected were B[a]P, B[b]F, DBA, 5MC, and CPP, based on their environmental occurrence, range of tumorigenic activities (32-37), structural features (methylated vs nonmethylated, condensed vs linear, alternant vs nonalternant), and a diversity of routes of metabolic activation (38) (39) (40) (41) (42) (43) (44) (45) (46) .
The strain A/J mouse system is a medium-term tumorigenesis bioassay where tumors can be detected and quantitated 8 months after treatment. This mouse carries a lung cancer susceptibility gene or genes that have not yet been identified (18) . Studies have shown that lung adenomas in this mouse will progress to adenocarcinomas after 18 to 24 months, with some metastasis. In addition, alveologenic carcinomas in humans are similar in morphology to adenocarcinomas in mouse lung (18) . Finally, studies have shown that lung tumors in strain A/J mice produced by PAHs exhibit high proportions of Ki-ras mutations with mutation spectra different from the spontaneous controls (47) (48) (49) (50) . From these facts, we conclude that tumor formation in the strain A/J mouse has some relevance in the study of human lung cancer.
The results of these investigations indicate significant deviations from additivity that were both greater than additive and less than additive. The extent of these deviations ranged from +97.4 to -55% of that expected from additivity. Significant deviations were observed that were dose related i.e., lower doses, greater than additive; higher doses, less than additive. However, less than additive interactions dominated under most mixture conditions. Response surface modeling using multilinear regression techniques identified 6 statistically significant dose parameters and 10 significant interaction parameters of 32 
